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content of all alloys was 0.07 %- In the range 5-9 - 9.57 @ Ni _ 
steels ranging from austenitic-martensitic have been prepared. 0~ 
ferrite was revealed in both groups, its amount in the first group 


peing somewhat higher. In every group, 


ferrite varied from alloy to alloy- Af 


however, the amount of 6 - ; 
ter smelting, the specimens 


_ 


as of 7 -— 8 mm radius, quenched from 1050°C and 


gs at 750°C. The obta 


as the sta 


tions of the p 
The’ microstructure and hardness of the al 
Hysteresis Loops of the y —>a@ and @ ary transformations in the 
+700 to =789C temperature range are given. From these loops the tenm- 
peratures of the martensitic transformations were determined. it 


was found that alloys containing 15 


ered to 1205 %, the Ni content is to 


der to ensure the stable austenitic stat 
ceding the cooling-neating cycle of the 


were investiga 


% Cr and 7.75 % 
their austenitic structure down to ~78°C. 
be increased to 9,5 # in or- 

e. The thermal history pre- 
nysteresis loop has a large 


ined state was considered 
the kinetic and the quantitative rela- 
ted by the magnetic method 
loys were also measured: 


Ni preserve 
If the Or content is low~ 


influence on the loop itself. tthe increase of the pre-neating ten= 
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the dissolution of the secondary 
ig enriched by alloying elements 


peculiarities of phase o-: 


perature from 850 to 4050°C causes 
phases and thus the solid-solution 
and its stability increases, the martensitic transformations peing 
revented. Prolonged pre s cause sepa 
n of the excess ying e stenite 
j ites into ¥ 


nhances the martensitic 
The quantitative data on the in- 
and the final cooling temperatu- 


and hardness of the alloys (Vickers de-. 

f the I and II groups. Tre influence 

00 - 700°C range was investigated. 

put the exact character of 

this depends aga ry of the alloy. If the al= 
loy did previously underg i ansformation, the high- 

est atrengthening occurs pelow 500°C, se the strengthening 
occurs at 650 - 750°C and is quantitatively lower than in the first 
ease. The influence of ageing performed at temperatures from 400 to 
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750°C for up to 36 hours was also studied. Again, the hardening du- 
ring ageing depends upon the annealing. There are 21 figures, 6 ta~ 
bles and 22 references: 11 Soviet—bloc and 11 non-Soviet-bioc. the 

4 most recent references to the English-language publications read i 
as follows: Gibraith, Austral. Machinery, 11, 1958, 1175 -23—313 

Iron Age, 181, 1958, 22, 68-89; White, Metal Progr., 139. 1958, 6 = 
74-78; West, Metals, 155 1957, 10, 62. 
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AUTHORS: prosvirin, Viles and ‘tarasov, B. Yas 
a ee genes 
PITLE: Nitriding using nigh-frequency heating currents 


SOURCE: Akademiya nauk Latviyskoy SSR. Institut avvomatixi 4 
mekhaniki. Prevrashcheniya V splavakn i vzaimodeyst~- 
viye faz. Rigas 1961, 51 - 37 


TEXT; The nitriding of steel 38XMHKA (38KnMYua ) 49 usually perfor- 
mea at 500 —- 600°C for a prolonged time (days). It appeared, how- 
ever, feasible to shorten considerably these long vreatments by 
~employing simultaneous nitriding and hardening. fhe metastable 
structures formed during nitriding, having a high nardness, could 
pe preserved by quenching. Thus y investigations d@irected towards 
determining conditions using h n usual temperatures and 
much shorter times (2 = 10 min j j The nitriding appa~ 
ratus is described and illustrated: re tried: (1) 
At constant temperature; (2) At a cyc erature 
(between constant limits). The followin materia 

ted: Armco iron (C-0.04 %), Steel 45% <45Kh), Steel 38 
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0.35 #; Cr = 1.54 % Al ~ 0:63 %, Mo ~ 0.16 %) and perlitic cast 
iron: Tubular, cylindrical and ring shaped specimens were employed. 
As the nitriding is performed by N2 forme@ during thermal dissocia= 
tion of ammonia, the degree of dissociation of NHz as a function of 
the temperature and flow velocity was investigated under the condi-~ 
tions of HFC heating. It was found that the maximum absorption in 
iron takes place at 815° - 910°C and in steel at 860°C, With increa- 
sing temperature the optimum flow velocity of NH3 is shifted towards 
higher values. Iron absorbs 3 - 6 times more No than 45Kh steei in 
the 800 = 10009C range. ‘the short-time nitriding produces at 910°C 
for iron and 860°C for 45Kh steel a visible diffusion layer consis- 
ting of an external zone of rod-like crystals (& ~phase) and an 
internal zone of nitrided austenite and nitrided martensite. Above 
1020°G for iron and above g00°C for 45Kh steel the diffusion layers 
were homogeneous. The 2 minute nitriding of iron gives diffusion 
layers 0.05 ~ 0.09 mm thick; having a surface of 400 ~ 600 kg/mm2. 
The corresponding figure for the 45Kh steel is 1500 kg/mm. Nitrid~ 
ing of the 38KhMYuaA steel was best performed at 750°C for 10 mins- 
The diffusion layer obtained was 0.12 mm thick having a hardness of 
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AUTHORS : Prosvirin, Vojo and Yevtikhov, GoV. 
TITLE: Influence of high-temperature heating of cold-worked 


metal on its structure and properties 


SOURCE: Awxademiya nauk Latviyskoy SSR. Institut avtomatiki i 
mekhaniki. Prevrashecheniya v splavakh i vzaimodeyst- 
yiye faz. Riga, 1961, 151 = 161 


TEXT: This investigation was sponsored by the Riga Rallroad-Car 
Works. In constructing the electric train-car ap -5 (ER-5} the ne- 
cessity arises for cold plastic deformation of sheet metai (of the 7, 
20 KT! (20KP) prand) with subsequent welding. Hardened zones may be 
affected by heat which may in turn lead to substantial changes in 
structure and properties. The mechanical tests were performed on a 
iilonep ? (‘Shoper’) machine with a deformation velocity of 10 mm/ 
/min. The specimens were deformed manually on moulds of varying ra- 
dii (3, 5, 40, 100 mm and ©). The specimens were then flattened 
out and tested for tensile strength to establish the properties be~ 
fore heating. Other zpecimens were heated after deformation to tem- 
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peratures of 600, 700, 800, 900, 1000, 1100, 41200 and 1300°Q for 
times of 2, 5, 10 minutes in a salt bath, cooled in air and vested 
for tensile strength. The measured tensile strengths and elongation 
are plotted vs. the normalization temperature for every deformation 
radius. At all deformations a sharp maximum of the tensile strengths 
appeared at a normalization temperature of 900°C. Maximum plastici- 
ty was observed in specimens which have been normalized at 1000 - 
1100°C. Impact tests were performed on specimens of non-standardi- 
zed dimensions, and a slight decrease of the impact-resistance (of 
about 11 %) was noted in the heated specimens compared to that of 
the unheated deformed samples. Comparing the data of the non-defor- 
mea samples with the deformad ones, it is seen that cold-working of 
20KP steel increased the tensiie strength by 10 - 12 % and decrea~ 
sed'the plasticity by 15 = 18 % Heating of the deformed and non~ 
deformed samples did not affect their relative tensile atrengths 
and plasticity. In welded specimens the plasticity decreased in 
both deformed and non-deformed states by ca. 50 % compared with the 
elongation of non-welded specimens, while the tensile strength re- 
mained unchanged. There are 5 figures, 4 tables and 10 Soviet-bloc 
referances. 
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AUTHOR: 


TITLE : 


iyi 


prosvirin, K.S. and Baptizmanskiy, V.I., Dnepropetrovsk” 


Metallurgical Institute, and Kuznetsov, M.P. and Umnov, VD, 
Dzerzhinskii Works. 


Use of magnesium in converter-steel production. (Primenenie 
magniya pri proizvodstve konverternoy stali.) 


PERIODICAL: "Metallurg" (Metallurgist), 


ABSTRACT: 


1 9 No. ry DPPe 16 = 17; (U.S.S.R.) 


Works trials at the Dzerzhinskii bessemer shop aimed at 
improving the plastic properties of converter rail steel by 
treatment with magnesium are described. The magnesium alloy 
(64% Si, 11.8% ig) partially or fully replaced the 45% ferro—- 
silicon, used for deoxidation in the ladle, to give the required 
silicon content. 20 or 60 kg of silicomagnesium were added to 
various heats, weighing 22.5 tons each. The introduction of 
magnesium to the liquid steel was found to give a finer grain 
size, reduce the size and quantity of non-metallic inclusions 
and the sulphur content, appreciably improve elongation and 
reduction in area, and give steel with a toughness approxin~ 
ating to that of 0.H. steel. 

3 tables, 1 graph. 
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AUTHOR: Prosvirin, V.I., Professor of Technical Sciences, Doctor, 
ernov, L.F., Engineer. 


TITLE : Gertain features of changes in the properties of the 
austenitic steel 10X25H20. (Nekotoryye osobennosti izmeneniya 
svoystv austenitnoy stali 10X25H20) 


PERIODICAL; "Metallovedeniye i Obrabotka Metallov" (Metallurgy and 
Mesal Treatment), 1957, No.10, pp. 5 - 12 (U.S.S.R.) 
ABSTRACT: A change in the properties of this austenitic steel is 
known to be due to secondary—phase transformations. It is 
also known that this steel can exist in the single phase and 


in the 2-phase state. During its decomposition, the solid 
solution evolves a carbide of the type Me 530 put it was not 


known that (for this steel) very interesting phenomena can be 
observed which are associated with changes of certain proper- 
ties and of the structure. ‘The graph, Fig. 1, gives the depen- 
dence of the austenite grain size on the annealing duration 
for the temperatures 1 200 and 1 300 C; the graph, Fig.2, 
gives the characteristic of dispersion hardening as a function 
of the temperature and the duration of the annealing; the 
graph, Fig. 3, gives the dependence of the dispersion hardening 
Card 1/4 on the duration of the annealing after long duration ageing at 
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750 G; the graph, Pig. 4, gives the depedence of the dispersion 
hardening during stepwise heating; the graph, Wig. 5, shows 
the changes in the mechanical properties of the steel after 
verious heat treatment regimes; the graph, Fig. 6, gives the 
influence of the heat treatment on the development of thermal 
prittleness at 650 C; the graph, Fig. 7, gives the influence 
of heat treatment on the development of thermal brittleness 

at 700 CG; the graph, Fig. 3, gives the change in the impact 
strength after heating at 650 © asa function of the tempering 
regime. On the basis of the results in the here described 
experiments, iv was found that changes in the properties of 
the steel 10X25H20 during heating were due to secondary phase 
formation and concentration of these phases along the grain 
Doundaries. ‘the character of the embrittlement is determined 
by the degree of saturation of the solid solution (austenite). 
Tf the saturation of the austenite is considerable ,heating to 
750 CG brings about an appreciable formation of secondary 
phases and a continuous decrease of the impact strength of the 
steel. In the case of slight over-saturation of the austenite 
(by preliminary heat treatment) heating to 650-700 © does not 
produce appreciable evolution of these phases but the britile- 
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ness of the steel can change within wide limits in accordance 
with a peculiar relation. The impact strength during isothermal 
heating at 650 © increases periodically after an initial 
decrease. Phase and electron-microscopic analysis has shown 
that maximum ebritilement of the stcel after long duration 
heating corresponds to the instant of appreciable formation of 
secondary phases along the grain boundaries. During long 
duration heating (8 000 hours) o-phase forms predominantly 
along the grain poundaries. Secondary phase formation produces 
interesting changes in the dispersion hardening of the austenite; 
the characteristic of the dispersion hardening changes in its 
initial period as a function of the temperature and the duration 
of the. high temperature heating. Thus, for instance, increase 
in the hardness during the first hours of heating at 650 and 

750 © is considerably higher after 2 very long heating or heating 
at a very high tempe rature. Dispersion hardening does not 
equalise the differences in hardness of the coarse grain and 
fine grain austenive. Long duration high temperature heating 

at 1 300 C produces less stable hardening during decomposition, 
characterised by periodic softening of the austenite in the case 


Card 3/4 of stepwise heating (tempering )- ch unstable hardening can 
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be associated with the formation of dimensionally less uniform 
crystallites of the secondary phase which bring about softening 
due to coagulation. RmbrittLlement of the coarse grain austenite 
takes place more intensively than that of fine grain austenite; 
this difference is applicable only in the initial period of 
heating. Formation of secondary phases brings about embrittle- 
ment of the steel and ledds to interesting relations in the 
changes of the strength and the ductility characteristics of 
the steel. Coarser austenitic grain increases the toughness of 
the steel but reduces its ultimate tensile strength and yield 
point at any hardness value. The ductility characteristics 
(6 and ¥) are more sensitive to structural changes than 4, and 
3, and depend on the dimensions of the austenite grain, the 
chiracter of the dispersion hardening and the features of the 
boundary zone. ‘here are 9 figures, 2 tables and 2 Slavic 
references. 
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AVAILABLE: Library of Congress 
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USSR/Phase Transformation in Soljid Bodies. E-6 
Abs Jour : Referat Zhur - Fizika, No 5, 1957, 11734 
Author : Prosvirin, V.I., Patrina, N.A. 
Inst 2 
Title : Isothermal Hardening of High-Strength Cast Iron with 


Spheroidal Graphite. 


Orig Pub : Metallovedeniye i obrabotka Metallov, 1955, No 2, 42-50 


Abstract : No abstract. 
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PROSVIRIN, V. I. AND I. ¥. ZUDIN 
ae eo 
Povyshenie gharoupornosti shelezougle-rodistykhn aplavov alitirovanien 
Moskes, Mashgiz, 194). O3p. illus. 
Bibliography: pe 63-6. 
Increase of the resistance to heat of iron carbide alloys by aluminisinge 
DIC: TS213. P7 


SO: Manufacturing and Mechanical Engineering in the Soviet Union, Library 
* of Congress, 1953. 
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Vinogradskaya, Ye. L., Molchanova, G. A., Prosvirin, vV.i. 


—- ——- 


Peculiarities of pnase transitions in steels of tne transient class 


Roferativnyy zhurnal, Metallurgiya, no. 7, 1962, 23 - oh, abstract’ — 
7Tr142 (In collection: ‘prevrasheneniya V spiavakn i vzaimodeystviye 
faz". - Riga, AN LatvSSR, 1961, 3 - 49) 


EAT: Kinetics of phase transitions TAk and A77 in the temperature 
erval from 700 to -78°C was investigated, as well as processes of separation 
ases in the interval 350 - 1,050°C with two groups 

steels vontaining Lloying cLenents (ia %)z C 0.07, or 15, 

Ni 5.90 - 7.75,.Mo 2.5, ard C 0.07, Cr 12.50, Ni 7.88 - 9.57; 

2.5, AL 0.90 - 1.40 (II). ae samples were heat-treated under different con~ 
ditions, ‘The investigation was carried out by microstructure, hardness, and mag- 
netic methods. The opteined nysteresis loops of ad and o. 7 7 transitions allovat 
the determination of the critical temperatures of martensitic transitions. It was _ 
determined that the austenite of steel I is stable down to -78°C, a stable aus~ a 
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tenitic state of steel II can be obtained only with 9.56 Ni. A rise of the 

neating temperature from 850 to 1,050°C shows a considerable effect upon the 

kinetics of subsequent transformations; after a high-temperature heating mar- 

tensite transformations can be absent due to an increased alloying of austenite. 

Long holding times at 850 and 950°C effect a separation of the alloying elements 

from austenite and cecomposition of &-ferrite into a mixture y'+ carbides, result- 

ing in an impoverishment of the austenite thus promoting a more complete occurreme / 
of martensite transformation at the subsequent cooling. trengthening is ob- 

served in tempering in the interval 300 - 700°C, which is mcre considerable ard “ 
occurs at about 500°C in the presence of martensite transformation in the steel; 

and in the absence of martensite transformation it is less and occurs at higher 
tempering temperatures (650 - 750°C). 


.G. Belyayeva 


[Abstracter's note: Complete translation] 
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Prosvirin, V. I., Nesgovorov, L. Ya. 
Corrosive-erosive disintegration of iron in a gas stream 


Referativnyy zhurnal, Metallurgiya, no. 6, 1962, 89, abstract 61564 
(V sb. 'tprevrashcheniya V splavakh i vzaimodeystviye faz", Riga, 
AN LatvSSR, 1961, 117 - 150) 


TRKT 2 The effect of the velocity of an air stream on the rate of corrost 
erosive disintegration of heated metals was investigated. By means of a specia 
eenstructed device (drawing is given) the following effects were studied: 1) 
the rate of the air stream; 2) temperature of the heated sample; 3) holding 
tines 4) material and form of the sample; 5) the position of the sample in re- 
jation to the inflowing stream; 6) the composition of the oxidizing medium, etc. 
A regularity was observed for the corrosive-erosive disintegration of Fe in an 
aic stream, which is characterized by @ continuous increase of the disintegration 
rate with increasing velocity of the stream in the subsonic range of frequencies 
(0 $M g 0.0), while in the supersonic range (M > 1) until values Mow1.7 - 1.8 
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rease of the disintegration rate and at M > 2a slight increase can be ob- 

Initial states of scale formation were investigated, which are charac- 
by the high chemical activity of the gaseous medium, The disintegration 

35 of Fe shows a corrosive character in the temperature range of 800 - 

1, 000% and a velocity of 0 <M &3. The effect of the position of the sample in 
on to the inflowing stream was studied, The angles of incidence, charac- 
7 ed by the maximum disintegration rate, lie in the range of 25° - 35° for she 
sub- and supersonic velocity of the stream, Two stages can be observed in dis- ft 
integration of Fe in the air stream: corrosive-erosive disintegration and com- f 
bDustion, Combustion of Fe starts in the solid phase at a temperature of 1,100°% cad 
aué a veloeity of the air stream of M 20.8, There are 29 references, 
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Abstrect 3 It wes esteblished thet eddition of molyudenum up to 6.5% 

_ prevents the doyolopoont of processes thet ceuse the temper 
brittleness of structural chrome-nickel-nolytdenw end chrome- 
mengenose~rolybdenu" steals, Greater edditions of molybdenur 
(1% end above) do not effect the torpor brittleness. fddition 
of tungsten uf to & definite lirit (up to 1.6% for the 35 
KhGY steel) reterd strongly the development of the tember 
brittleness of structure] stcels. X-rey diffrection, car- 
bide, snd notallogrephic investigation methods, as well es 
meesuremonts of the internel friction end othor proportics 

heve shown thet molybdenum and tunzsten, which enter into 
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ORG: _ none G ae [<4 
TITLE: _ Certain properties of the upper layer of the AG-4V fiberglaas reinforced plas- 
tic | hast. ote ae 


| SOURCE: Mekhanika polimerov, no. 5, 1965, 118-122. 


| TOPIC TAGS: fiberglass, thermoplastic material, tensile strength, durability, surface 
| dayer, water absorption 


ABSTRACT: It was shown that the properties of the upper layer of the AG-4V fiberglass 
reinforced plastic after compression greatly differ from those of the inner layer. 

The upper layer is more durable and moisture proof, these properties being determined 
by the technological parameters of compression. The greatest strength, thickness of 
the upper layer and the lowest water absorption of the AG-4V fiberglass reinforced 
plastics were observed at 130C and pressure of 200 kg/cm*. Under these conditions the 
microstructure of the layer is characterized by the most even glass fiber distribution 
without cracking and visible disruptions. Orig. art. hag: 7 figures. [Based on 
author's abstract}. ; : 
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“TITLE: ' Rapid carburizing Aéyaniding) using pastes with high frequency electric 
_ heating | c 


" SOURCE: Soveshchaniye po uprochneniyu detaley mashia, 1962. Protsessy uprochnen- : 
iya detaley mashin (Processes of the hardening of machine parts); doklady sovesh~ 
: chantya.. . Mose Izd~vo Nauka, 1964, 66=72 


steel carbur izing ; 


teel: cyaniding, high frequency heating, steel ~ 


i  GyLindri al samples 16 qm in diameter*and 25 mm-in length wade of irom! 2 

- | and various steels were subjected to diffusion saturation in the device shown in 
‘Fig. 1 of the Enclosure. A 60-kH unit with a frequency of 350,000 cps was used 
O6UT ee aann Tha nsera van coated on the surfece, which was 
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sorption. . The paste consisted of a filler and 
yellow potassium ferricyanide, charcoal and 
oe, 4zed athyl silicate glue. During hydroly=) | 
. gis of 1 Liter a solution of 5.4 ml of hydrochloric acid 
: 92 liters € distilled water was added. In- 
; ayere: 
duration for reaching t 
30 sec. Hardness. tests showed that a pas 


eartne enaured maximum surface hardness. Lowering of the heating rate eesuteee 
B a Pa hawdanee at came deoth 
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¢ measured by a thermocouple, the duration ‘was tsken from the time 
and. the microhardness Waé measured by the Pur-3 device 


factors determining the results of ni- 
“2: attat denends on its tem= 


temperature wa 
— the unit was” switched on, 
——- "a 24 af 2 orams. One of the main. 


APPROVE : 
D FOR RELEASE: 09/19/2001 CIA-RDP86-00513R001343320001-4" 


"APP : 
ROVED FOR RELEASE: 09/19/2001 CIA-RDP86-00513R001343320001-4 


ACCESSION NR “axeoagent eee Saag re er ee eee Ss 
60 be! Sbeataed by shogt-téen: ‘attriding of common. _perlitic. — a 
{um cast fron. ‘The best results,in nitriding of cast iron: 


are obtained ‘at. 850C ‘when a surface fnardness of. 906kg/mn" fs obtained, while ni- 
“triding of. hestrength east iron'at 900C results ina hardaess of 600 kg/mm“. 


During | nitriding, different lay thicknesses are obtained; for two minutes; 
ith iron - 0. 04-0. 09. mm, 45Kh's Steel. ~ .03-0.05 mm, cast. iron - up to 0.10 mm; 
1 |2up to 0 08-0.10 mm. This was verified by . 


‘} gor ten minutes: - with 36KAMYuA, ‘gtee 
arent dt Fbinton deoth,. however, exceeds these values.) 


‘ipface. ‘havdaoee’ ‘could al 
and high- eatrength ‘magnes 
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' ACCESSION NR: AT4040795 # . : 


ye 5 x 20 mm specimen after deformation. ‘The Sadules of phase transformation and 

'“picrohardness tests are graphed. It is concluded that two basic phases are pre- 

: gerved in the structure of austenitic-ferritic steel after all possible variations 
ini treatment - austenite and delta-ferrite as separate grains, of various sizes and 
form. In the process of high-temperature annealing, diffusional interchange may 
occur between the grains of austenite and delta-ferrite, producing variations in 
the concentration of alloying elements in these phases. As the regult of such an — 
exchange, the properties and structure of the grains are changed, and correspond- : 
ingly also the final properties of the alloy. As shown by microhardness distribu-, 
tion,grains of austenite an ‘delta-ferrite are ‘heterogeneous with regard to their ; 
composition, even within the limits of a micrograin. Cold plastic deformation _ 
strengthens austenite grains to 4 higher degree than delta-ferrite grains. Be- 
cause of the considerable heterogeneity in composition of the grains, their 
strengthening due to phase transformation, precipitation, or plastic deformation 
is non-uniform. Drawing of an alloy at 600 C reduces the strength of the grains 
in phases obtai eratures (1050; 1200 Cc) and 
strengthens the gra rom low tenuperatures 
(850 C). Orig. ext. 
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“nature of the variations changed, and ‘the minimum ultimate strength was. observed Bie 
5°) gt the maxtmim -yleld point. ~The stress«rupture strength also decreased after 3990 : 
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64 159-165 


“TAGS heat reslatan. toy, “alloy y Ybacdose, lel: ateg Hrs plasticity, Ys: a 
ength ft altoy E1-61 | wees _ eee 2 


AE Host. ‘alloys conelat of many: | componente one: ‘or. more of which may have aastty 
Umited ‘solubility. during high-temperature ‘annealing, however, the excess phases |. - 


-dissalve and uncaturated calld-ealutiane arm farmad ulth'a ual€aem chamteal cam 
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‘Properties of alloy €1-617 which contains, besides Nis 0.08% ¢. [4.87% er. 1.ace. | 
14 1+93% Thy 571% Ws 3.65% Mo, 0.6% SI and 0.14% Ve The Tatelal state of the 
“alloy was. produced by“double annealing: at SS0C for 7 hours and at 850C for 10. 
hours. The high-temperature ‘instability of the alloy was determined by heating - 
{at V200¢ for. 1,3, 6; 12,: 24, 36, &8 end 96 hours, and at 1300€ for 1, 3, 6 and 
{12 hours, after which the samolas were tasted far hatacananaled af st ~ 004 
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ee at about 20 heures": “The: regalia. of dechanicat tests - show that when tha 
ratlon of: primary. hardening {s Increased from 2 to 12 hours at 1190¢, or up to. 
4 5-hours during the second stage of hardening, - the ultimate strength Is decreased. 
+ from 115. to 75° ‘ka/nm?, the relative elongation drops from 25 to 2%, and the con- 
tracticn at break changes from 25 to 3<5%. ° Further prolongation of high-temsera- 
ture treatment leads to restoration of the mechanical properties of the alloy. A 
slight Increase tn Impact - toughness: (0.5 kg-m/em“) Is observed when the duration _ 
of heat. treatment. at. 1190 1s increased from:2-to'5 hours. The stress-rupture . i... 
trength draps- only 13% when the duration of heat treatment Is.96 hours. The Te~ a 
ative elangatlon-and-contraction decrease continucusly as the duratian of allay 
heating Increases... Reseated hardening et 10506 daes not restore the properties of - 
ct the alloy, leading, on. the contrary, to further deterioration. Orig. art. has: & | 
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Structure of a composite solid solution after high temperature heating 
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' prosvirin, V. I., Yevtikhov, G. V. 


TITLE: The effect of high-temperature neating of cold-hardened metal on 
: its structure and properties 


PERIODICAL: Referativnyy zhurnal, Mashinostroyeniye, no. 1i, 1962, 20, . 
abstract 11A120 (V sb. ‘prevrashchentya V splavakh i vzaimodeystviye 
faz". Riga, AN LatvSSR, 1961, 151 - 161) 


TEXT: The effect of heating of cold-hardened 20 KIT (20KP) steel on its 
structure and properties was studied. The cold hardening was. produced by bending 
ides of 3, 5, 40‘and 100 mm radius and! 
To determine the effect of , 
- 1,300°C during 2 -— 
h toughness test has 
0 - 12% and de- ~ 
The normaliz= — 
After cold... 
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hardening and normalizi 
ng A, decreases by 10 - 128, 
ductility both of deformed’ and undeformed ene by oor Cp einiee tn ; 


[Abstracter's note; Complete translation] 
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AUTHORS : prosvirin, V. I., Tarasov, B. Ya. 

TITLE: Nitriding with the use of hign-frequency current heating 

PERIODICAL: Referativnyy zhurnal, Metallurgiya, no. 5, 1962, 132, abstract 51799 
(Vv sb. "prevrashchenlya V splavakh i vzaimodeystviye faz," Riga, AN 
LatvSSR, 1961, 51 - 87) 


TEAT: The nitriding with the use of high-frequency current heating vas 


carried out with test pieces from Armco-Te (0.04% C), 45 X (45K) steel, 3GAMOA 
(36KhMYua ) steel (0.35% C; 1.54% Cr, 0.63% Al, 0.16% Mo) and perlite {ron in a 

special installation. Te nitriding was conducted in tne flow of NH, in two 

variants. i) Ata constant temperature, or more precisely ~ under sLowlLy-increas ~ 

ing semperature conditions. The maximum neating temperature was considered %o be f 
sne nitriding t+emperature (for Armco-Fe - 115, 199, 815, 910, 1,020°C, for the a 


2 


38khniyvua steel - 950-750°C, and for the iron ~ 850°C). Te nitriding time was 
tne period from switcning on the installation and she beginning of the neating 
of tne pieces. 2) Within a fixed temperature range (mainly at temperatures of 
£750°C). After the nitriding, the pieces were cooled in water. Subsequently, 
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§/237/62/000/C05/ 225/250 
Nitriding with the use Of vats Ai60/A103., 


one part of them was subjected to tempering. fk description is given of the €x- 
perimental method. The nitriding lasted 2 - 30 minutes. There 1S an opesmun 
consumption of WH, at each temperature of nitriding. A change of tne nitriding 
temperature within 775 - 1,020°C has its strongest effect on the absorption of 

N by iron at a consumption of 1.6 - 3.2 1 of NH. per minute. The investigations 
revealed that 44 is possible to nitride Fe and steels vihen neating with high- 
frequency currents (2 - 10 minutes), whereby sharply-defined nitrous phases are ae 
cbtained in the diffusion layer. Toe maximum absorption of N by fron is noted 
when nitriding at 815 - 910°C, and by the Skin steel - at e0°C . When nitriding 
for a short time, a visible diffusion layer is obtained for Fe at temperatures 

of up ta 910°C, and for the k5Kh steel - at temperatures of up to ego°c. The 
layer consists of an exterior zone of acicular erystals (phase é), and of an 
interior zone from nitrous austenite and nitrous martensite. When nitriding Fe 
at 1,020°C and’the 45Kh steel at > 900°C, a homogenous diffusion layer was ob- 
tained from nitrous martensite and troostite martensite. When nitriding the 
36xaMYua steel for 10 minutes and 45Kh steel for 2.minutes, giffusion layers with 
a surface Hv 1,100 - 1,200 kg/mm are obtained for 38KnMYuA steel and 1,500 

kg mm for the 45Kn steel. The highest surface-hardness values are obtained 
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quenching secures a high Hv in perlite cast tron, Tnere are 22 references, 
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phase transformations in transition type 


TITLE: The specific features of 
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If the temperature is increased, a diffusion of the secondary phases is taking 
place, which results in the solid solution being enriched with alloying elements, 
inereasing its stability. Therefore, steels of this category may not have a mar- 
tensite transformation after high-temperature heating. A protracted holding of 
the steels at such high temperatures as 850 - 950°C leads to precipitation 
processes of excess alloying elements and compounds from austenite and to a 
decomposition of é-ferrite into a mixture consisting of y' and carbides, In 
both cases, the formation of less alloyed austenite promotes a more complete 
martensite transformation during the subsequent cooling. The preceding heat 
treatment, during which a and we ¢ transformations were taking place, 
lowers the stability of austenite formed at high-temperature heating and 
contributes to its more complete transformation during the subsequent cooling. 
Hardening is effected up to 500°C in the case of a partial or full martensite 
transformation preliminarily taking place in the steel. The more complete the 
martensite transformation, the more considerable is the effect of precipitation 
hardening. A hardening of the steels may take place as a result of the secondary 
phase precipitating from the austenite subjected to phase workhardening in the 
process of martensite transformation, The energy additionally imparted to the 
steel on account of deformation during phase workhardening lowered the stability 
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AUTHOR: Prosvirin, Vel, 
TITLE: Change in state of nicke-base solid solutions 


SOURCE: Akademiya nauk SSSR. Institut metallurgil. Issiedova- 
niya po gharoprochnym splavam, Vo T, 1961, 142 - 150 


TEXT: The influence of long-term heating on the state of a solid 
solution of the following composition was investigated: 0.08 h Cy 
1he5 % Cr, 1693 % Tiy 1°85 % Al, Se7 % Wy 6 % Mo, 1.6 % Fe. Forged 
specimens were at first annealed at 950°C for 7 hours, followed by 
a second anneal at 850°C for 10 hours. A study of the effect of 
heating periods of between 9 and 96 hours was carried out at 1200°C 
and the influence of periods of between 1 and 12 hours at 1300°C 
was also examined. All specimens (10 mn thick) were quenched in 
cold water after heating, in order to retain the structure of the 
high-temperature state. The micro-hardness was measured at a load 
of 50 go Curves for the distribution frequency of microhardness le- 
vels were plotted from 200 repeated measurements and the resistance y 
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cesses, the strength properties of the solid solution pass through 
minimum and maximum values. The change of the latter with time of 
heating can be estimated by the force characterizing resistance to 
plastic deformation. The conditions of the solid solution corres~ 
ponding to the minimum strength values tends to more intense dis- 
persion hardening than that corresponding to the maximum. Heating 


lead to an even more rapid formation of concentration complexes and 
possibly to melting. There are 6 figures, 1 table and 22 references; 
18. Soviet-bloc ana 4 non-Soviet-—bloc, The references to the English 
~language publications read as follows: R, Smoluchowski, Phys. Rev. 
84, no. 3, 1951; P.S. Rudman and B. Averbach, Acta Met., 2, 1954; 
P.S.o Rudman, P.A. Flinn, and B, Averbach, J. Appl. Phys., 24, 265, 
1953. 
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AUTHOR: Reosvirin, Volo 


TITLE: On directed deformation at cyclic heatings 


SOURCE: Akademiya nauk SSSR. Institut metallurgii. Issledova- 
niya po zharoprochnym splavam, v. 7, 1961, 2349 ~ 362 


TEXT: This work was undertaken to supplement. the existing theories 
which do not give a Satisfactory explanation of the mechanism of 
deformation during a repetitive thermal cycle. The results are gi- 
ven of an investigation of deformation kinetics of Fe and Ni end 
the factors of the fading character of the irreversible deformatias 
induced by the thermal cycle are described. Techniml nickel strip, 
Armco iron (0.02 4 C, 0.1 % Si) and cast Al were investigated. Size 
of the Fe and Ni specimens was 50 x 20 x 5+mm. The Ni and Fe speci- 
mens were heated in molten salts, the Al in air and in steam. Quen- 
ching was by water, (20°C) and the upper temperature limit of each 
cycle was changed from 500° to 800°C. The heating time was 3 mi- 
nutes. The specimen dimensions were measured after every 10 - 20 
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cycles. It was found that the cyclic thermal treatment Ni always 
increased in length and width and decreased in thickness, while 
iron behaved in an opposite manner. These changes depended upon the 
higher temperature limit of the cycle. The change in dimensions for 
Ni increases relatively steeply with the upper cycle temperature 
limit, while for Fe the change after 700°C is negligible. The chan- 
ge in dimensions vgrsus the number of cycles shows that initially 
the change is largest and is described by periods of constant rat¢,; 
each consecutive period being slower than the preceding one. The 
theory of the deformation is discussed in detail. Anisotropy of 

the plastic and rigid properties of the crystals is thought to be 
one of the reasons for the non-coincidence of the relative shifting 
of conjugated elements with the direction of the temperature gra- 
dient. At the constant sign changing of the directior: ‘ce material 
develops fatigue through the formation of intercrystalline micro- 
fractures. The process of deformation is discussed and illustrated 
stage by stage. Additional evidence on the influence of the micro~ 
cracks on the kinetics of the deformation was gained by an experi- 
ment with Al, using in one series of runs air and in the second ay 
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vapor as the heating medium. It is argued that if at an early stage 
in the process microcracks are formed, their filling by foreign 
atoms would be reflected on the kinetics of the process. In the ca- 
se of filling, the transfer of the deformation will be easily ef- 
fected from volume to volume, increasing the probability of local 
plastic deformations. Thus air with predominantly molecular oxygen 
can fill only large cracks by oxidation, while H20 vapor containing 
primarily atomic oxygen is capable of filling the microcracks. In 
fact, the deformation in the experiments using H20 vapor as the hea- 
ting medium was almost twice as high as in the case of heating in 
air. The special contribution of A.A. Bochvar to the field is men- 
tioned. There are 10 figures and 33 references: 21 Soviet-—-bloc and 
12 non-Soviet—bloc. The 4 most recent references to the English- 
language publications read as follows: D.S. Wood and D.S. Clark, 
Trans. Amer.Soc.Metals, 43, 1951; T. Karman and P. Duwes, J. apple 
physe, 21, 1950; F.P. Bowden, Symposium on Internal Stresses in Me- 
tals and Alloys, London, 1948; P. Haythorn, Iron Age. 162, no. 13, 
1948. 
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AUTHORS : Prosvirin, V-1-, Vinogradskaya, Ye.L. and 
Molchanova, GA. 


TITLE: On Phase Transformations in Steels of the 
Intermediate Class 


PERIODICAL: Fizika metallov i metallovedeniye, 1961, 
Vole 11, Noe 5, PPe 775 - 781 


TEXT: Steels of the intermediate class, i-e. intermediate 
from martensitic to austenitic, are characterised by a 
combination of properties and phase-transformations which 

are characteristics for both martensitic and austenitic steels. 
The results are described of investigations of phase- 
transformations in three steels of this class. Of these, / 
Steel 1 is nearer to the martensitic class, Steel 3 is nearer” _ 
to the austenitic and Steel 2 occupies an intermediate ; 
position between the two. The contents of C, Cr and Mo were 
maintained constant and the quantities of Ni and Al were 
slightly varied (C 0.07%, Mn 0.07%, Si 0.4%, Cr 12.5%, 
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Ni 7.8-8.8%, Al 1.4-1.1%). The ratios of the yield point 

to the UTS for the Steels 1, 2 and 3 after normalisation 
treatment at l 050 °c are, respectively, 0.76, 0.23, 0.21. 
After a second normalisation treatment at 950 C and 
additional cooling to -70 C, followed by subsequent ageing at 
500 °c for one hour, these ratios reached, values of 0.96 

For a maximum value of % of = 150 kg/mm‘ fr Steel 1, 6 = 14% 


and WY = 54% were achieved. A feature of these steels is Wh 
that they occupy 4 very narrow range as regards composition, 
which involves practical difficulties during manufacturg- An 
increase in the hardening temperature from 850 - 1 050 Cc 
(air quenching) brings about a large increase in the quantity 
of the residual austenite, particularly in Steel 3 which is 
nearer to the austenitic-class steel. Fis. la shows the 
influence of the hardening temperature, C, on the quantity 
of the residual austenite, A, %, and on the hardness HV. 
Fig. 16 shows the decrease in the quantity of the austenite 
(QO A, %) and the increase in the hardness HV. as functions 
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of the hardening temperature, a after cooling the specimens 
to -194 °C. The influence of stepwise heat was also investi- 
gated. All the steels were subjected to stepwise heating for 
one hour at 350, 500, 650 and 800 C for one hour, with 
intermediate cooling at room temperatyre, after initial cool- 
ing to 15 “Cami fter cooling to -194 “C. Regardless of the 
original hardening temperature the steels hardened considerably 
(by 40-50%) as a result of subsequent heating to 500 Cc. 


However, the quantity of austenite remained practically J 
unchanged and this indicated that .precipitation-hardening 
occurred; reheating even to 650 C resulted in a decrease cet 


in hardness which was still higher than the original value; 

the autenite quantity increased by about 12% for all the tested 
original hardening temperatures. A further heating of the 
specimens to 800 -C brought about a further decrease in 
hardness and a decrease in the quantity of austenite. The 
increase in the quantity of austenite on heating to 650 ~C 

is due to reversible martensitic transformations during 


heating. To reveal more clearly the nature of the hardening 
Card 3/7 
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of the hardened steels during stepwise heating, the tempera- 

ture steps werg made more close. Each specimen was first 

heated $o 350 °C for one hour, cooled to 20 C, again heated 

to 400 °C, cooled to 20 °C, reheated to 450 C, etc., the 
maxioum temperature being 1 050 Cc. The prgliminary heat- 
treatment was hardening from 950 and 1 050 © and par of r J 
the specimens were first subjected to cooling to ~78 C. 

The obtained results show that ghe increase in hardness of the -~ 
alloy on heating it to 500-550 ~“C will be the more intensive 

the more complete the martensitic transformation. The close 
temperature steps used in experiments have revealed a very 
interesting feature, namely, that regardless of the original 
heat-treatment the steel tends to reach a certain limit 

hardness of about 300 Vickers units, which is conserved up to 
temperatures of 900-950 °c. The nature of precipitation- 
hardening during ageing was investigated for hardened steel, 
heated to 400, 450, 500, 700 and 600 °C for durations of 

1 to 36 hours; part of the specimens were deep-cooled to 
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-194 °c for 20 min prior to heating. The results confirmed 

that precipitation-hardening in the temperature range 

hoo - 500 “°C was associated with rejections from phase- 

hardened austenite. If the martensite point was not 

reached during hardening but the final cooling temperature 

was near to the martensite point, a slow precipitation- 

hardening was also observed. This may be due to diffusional 
development of martensitic nuclei which do not develop into ff 
martensitic transformation. Phase-hardening by precipitation- — 
hardening produces hardening of the austenjte which is unstable 
and decreases on prolonged heating to 500 C. Higher heating 
temperatures produced active processes of rejection, dissol- 
ution and coagulation. Results obtained for steels aged at 

700 and 800 °C indicated that regardless of the original 

state, steel heated to temperatures up to 700 C tended to 


reach a hardness of 300 kg/mm” after 36-40 hours. At 800 °C 
the process of coagulation of secondary phases was more 
intensive and had a considerable influence on the process of 
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softening; at 800 °C both hardening and softening proceed 
Simultaneously. There are 7 figures, 1 table and Ba 
10 references: 6 Soviet and 4 non-Soviet. The four 
English-language references quoted are: Ref. 3 - A. Gibraith, 
Austral Machinery, 1958, 11, No. 117, 23; Ref. & - (Review) 

Iron Age, 1958, 181, No. 22, 88; Ref. 5 - (Review) West Metals, 
1957, 15, Noe 10, 62; Ref. 6 - R. White, Metal Progress, 

1958, 112, 5i. 


ASSOCIATION: Institut avtomatiki i mekhaniki AN Latviyskoy 
SSR (Institute of Automation and Mechanics 
of the AS Latvian SSR) 


SUBMITTED: August 29, 1960 
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AUTHOR: Prosvirin, V.I. 
oe ee ee 


TITLE: "On the mechanism of oriented deformation of metals due 
to thermal cycling 


PERIODICAL: Fizika metallov i metallovedeniye, Vol.11, No.5, 1961, 
pp. 782-793 


TEXT : The object of the present investigation was to study the 
kinetics of the irreversible changes of shape which take place in 
Fe, Niand Al, as a result of thermal cycling, and to find an 
explanation for the decaying character of the irreversible 
deformation/number of thermal cycles relationship. The experiments 
were conducted on commercial grade, anode nickel, armco iron 

(0.02% C, 0.01% Si), and cast Al grade P09 (A000). The nickel and 
iron test pieces (measuring 50 x 20 x 5 mm) were heated by 
immersion in a salt bath. The aluminium specimens (30 x 1C x 2 mm) 
were heated in a stream of air or water vapour. The upper limit of 
the thermal cycling varied between 500 and 800 °C, the time at the 
temperature being 3 min. The test pieces were cooled by quenching 
in water at 20 °C. The dimensions of the specimens were measured 
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after each 10-20 cycles. The length and width of the nickel 
specimens increased and their thickness decreased as the resuit 

of this treatment. In the case of the iron specimens, the length 

and width decreased and the thickness increased, Some of the 

results are reproduced in Fig.1, where the increase in length (%) 

of nickel (lower curves, left-hand scale), and the decrease (%) in 
length of iron (upper curves, right-hand scale) specimens are x 
plotted against the upper temperature ( °C) of the cycle, curves 1, 

2 and 3 relating to the dimensional changes after 100, 200 and ) 
300 cycles respectively. These results confirmed the previously 
established fact that the magnitude of the dimensional changes due 

to thermal cycling increases with the increasing amplitude of the 
temperature variation, and that after a certain number of cycles 

the rate at which the dimensions of the test piece change, 

decreases. The latter effect is also illustrated in Fig.2, where 

the increase (%) in length (dots) and width (crosses) of nickel 
specimens (upper curves, left-hand scale), and the increase in ' 
length of iron. specimens (lower curve, right-hand scale) are 

plotted against the number of thermal cycles (20 - 700 - 20 °C). 

It will be seen that each curve can be divided into three linear 
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portions representing three stages of the oriented, irreversible 
deformation taking place at progressively slower rates. The 
following explanation of this effect is proposed. Under the 
conditions of thermal cycling with fast heating and cooling rates, 
internal stresses exceeding the elastic limit of the metal are set 
up in the specimen. These cause localized plastic deformation 
which, when repeated many times, may cause weakening of the 

crystal lattice and formation and growth of micro-cracks. If, as a 
result of the formation of such micro-cracks, a grain has been 
divided into separate micro-volumes, the temperature gradient- 
induced stresses and the localized deformation in each of these 
micro-volumes will be considerably lower than those in an Xx 
undamaged grain, Consequently, the number of thermal cycles : 
necessary to form micro-cracks in these micro-volumes will be 
correspondingly higher. All the preliminary processes determining 
the orientation of irreversible dimensional changes take place 
during the first stage of thermal cycling, which is characterized 
by a fast rate of plastic deformation. At the end of this period, 
the formation of individual micro-cracks assumes the character of 
an "avalanche", whereby the rate of oriented deformation decreases, 
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marking the transition from the first to the second period, similar 
considerations applying to the transition from the second to the 
third stage of the process. With decreasing amplitude of thermal 
cycling (i.e. with decreasing temperature gradient in the test 
piece), the transition from one stage to the next becomes delayed. 
The presence of the micro-cracks in the thermally cycled iron and 
nickel specimens has been confirmed by metallographic examination, 
and a large portion of the paper is concerned with a rather 
involved discussion of the changes in the microstructure of the 
nickel and iron specimens due to thermal cycling. The part played 
by the microcracks in determining the magnitude of oriented 
deformation of thermally cycled metals was best demonstrated by 
experiments conducted on aluminium. The results are reproduced in 
Fig. 6, which shows the increase (mm) in length of aluminium 

s puggmens plotted against the number of cycles (20 - 500 - 20 °c), 
the unshaded and shaded blocks relating to test pieces heated in 
water vapour and in air, respectively. it will be seen that the 
increase in length due to thermal cycling in water was 
considerably higher than that obtained in air. This effect is 
explained in the following manner. If the intra-granular cracks 
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are formed already in the early stages of thermal cycling, bridging 
of these cracks by foreign atoms should markedly affect the rate of 
dimensional changes of the test pieces, sincs in this case plastic 
deformation will be readily transmitted from one misrcvolume to 
another, thereby increasing the probability of ths onset of 
localized plastic deformation. If, however, the cracks remain 
“‘unbridged", they constitute regions where the stresses can, so to 
speak, be discharged, thus reducing the probability of localized 
plastic deformation and formation of new microcracks, When the 
aluminium specimens were heated in water, evan thin cracks could be 
readily filled because atomic oxygen took part in the oxydizing 
reaction, whose effect on the rate of increase in length of the 
specimens became consequently apparent already in the early stages 
of the procesz. When air was used as the heating medium, it was 
only relatively wide cracks that could be filled by the products 

of oxydation, since in this sase molecular oxygen tock part in the 
reaction; consequently the effect of oxydation (increased rate of 
oriented deformation) did not become noticesble until the later 
stages of the process. The effect of the presence or absence of 
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microcracks on the rate of oriented deformation was also 

illustrated by experiments conducted on test pieces which had been 
preliminarily cold-rolled to various degrses of deformation. The 
results are reproduced in Fig.7, where the incroase (%) in length 

of aluminium specimens thermally cycled in water vapour is plotted 
against the number of cycles, the degree of the preliminary 

deformation being given by each curve, It will be seen that, as 

the degree of preliminary cold-working increased (thus decreasing 

the number of micropores and other defects in the cast metal), the 

rate of criented deformation due tc thermal evcling decreased. / 
The specimens, cold-rolled to 5% reduction in thickness, were an x 
exception. This was explained by the fact that this degree of cold- 
rolling was too low to heal the internal defects in the metal but 
sufficiently high to change the shap: in a manner likely to increase 
the probability of the formation cf internal microcracks caused by 
local stress concentration. 

There are 7 figures and 23 Sovie: references; 


ASSOCIATION: Institut avtomatiki | mekhaniki AN Latviyskoy SSR 
(Institute of Autome’ icn and Mechanics, AS, Latvian 
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AUTHORS: Prosvirin, V. I. and Nesgovorov, L. Ya. 


TITLE: Destruction due to corrosion of heated iron in a cold air 
stream of high velocities 


PERIODICAL: Doklady Akademii nauk SSSR, v. 138, no. 3, 1961, 628-630 


TREAT: The authors studied the interaction of heated iron with a cold air 
stream of a velocity of several tenthousand m/sec, giving rise to a de-~ 
struction due to corrosicn and erosion. A device (Fig. 1) was used con- 
sisting of an aerodynamic supersonic tu 

closed working part and a free jet, as we 

tem. A —S L-shaped sample was heated electrically to g00-1000°C. 
velocity of the air flow was: 0; 0.3; 0.83 1-75 2-13 3.0 of the number MK 
which is 298 m/sec at M-=1. The air jet acted upon the sample for 10 - 
120 sec. The total loss in weight of the sample was determined after hav- 
ing removed the cinder left on it by @ special reagent. The destruction 
of the sample was only referred to a disk of 5 mm diameter that has been 
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punched out from the central part of the sample after the experiment. 

Fig. 2 shows the rate of the corrosion caused by the gas at 800, 900, end 
1000°C, as a function of the air velocity. To estimate approximately the 
effect of the number M of the jet on the destruction rate of iron, the 
authors used the following mean characteristics of the air jet: 

Gas (kg/sec) = mean weight consumption of air in the working cross sec- 
tion, Evin (kgm/sec) = mean flow of kinetic energy through a surface unit. 
Gee determines the velocity of the oxygen atoms and, consequently, the 


possible velocity of cinder formation; Evan characterizes the moleculer- 


abrasive wear of cinder. Fig. 3 presents the results. It may be conclud- 
ed from the curves of Fig. 2 that the destruction rete increases with in- 
creasing an and Evan in the range of M = 0 to M= 0.8. The effect of 


the flow rate on the destruction increases with rising temperature. This 
may be seen from the increasing angle of inclination of the ascending sec- 
tions of the curve in the near-sonic range. The transition from near- 
sonic to supersonic velocities was not studied. The character of the 
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flowing around is changed in the case of supersonic velocities by the ap- 
pearance of the jump of compression in front of the sample. This causes 

a slower destruction of the sample on the change from M =,0.§,,to M = 1.7 

to 1.8 both by the decrease of the weight consrmption of tReegir for 

M > 1 (Fig. 3) and also by the reduction of the kinetic energy behind the 
jump. Irrespective of the fact that the total supply of kinetic energy of 
the flow further increases with M > 1, the part of kinetic energy acting 
upon the sample decreases owing to its considerable losses on the compres- 
sion jump. On further acceleration of the flow (M > 2) this part of kinet- 
ic energy will increase again and may thus compensate tne continuous reduc- 
tion of weight consumption. Hence the destruction rate may be somewhat 
increased by the total effect of these factors, which is the case if M > 2. 
In this range destruction is less affected by the flow rate than in the 
near-sonic range. The destruction is retarded by prolonging the time of 
the experiment for ail values of the M-number. This indicates the corro- 
sion-like character of the process. ‘he tinder becomes thicker with pro- 
longed oxidation, and, accordingly, the diffusion of reagents through the \ 
tinder takes more time. Since such a diffusion constitutes the slowest x 
stage of the process, the entire oxidation process is thus inhibited. 
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There are 3 figures and 8 references: 4 Soviet-bloc and 4 non-Soviet-oloc,. 
The reference to English-language publication reads as follows: Ref. 3: 
D. Murphy, W. Wood, W. Jominy. Trans. Am. Soc. Steel Treat., 19, 193 
(1931). - 


PRESENTED: January 4, 1961, by A. A. Bochvar, Academician 


SUBMITTED : January 3, 1961 
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AUTHORS : Prosvirin, V.I. and Tarasov, B.Ya. (Riga) 


TITLE: Rapid Nitration of Steels on Heating With High 
Frequency Currents 


PERIODICAL: Izvestiya Akademii nauk SSSR, Otdeleniye tekhnicheskikh 
nauk, Metallurgiya i toplivo, 1961, No.2, pp.132-140 


TEXT: In view of the automation of technological processes it 
would be very advantageous to combine surface hardening with high 
frequency currents with simultaneous nitration. For this reason 
the authors carried out some investigations which showed that the 
diffusion saturation of the surface of pure iron during induction 
heating can be effected in a very short time corresponding to the 
duration of heating during surface hardening. Usually, with 
increasing nitration temperature, a sharp increase in the degree of 
dissociation of ammonia takes place which weakens the diffusion 
activity of the medium and leads to decarburization of the surface 
layer. It was, therefore, necessary to supply to the surface of 
the heated metal non-dissociated ammonia, so that the dissociation 
took place on the surface of the metal. For this purpose 
apparatus was designed (Fig.1) in which cold ammonia could be 
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supplied to the specimen, The velocity of ammonia in respect of 
the surface of ammonia could be varied from 0 to 150 m/min (the 
velocity is referred to undissociated ammonia at 20°C). During 
the experiments the consumption of ammonia and the temperature of 
the surface of the specimen were recorded, After reaching the 
necessary temperature the specimen was cooled in cold water, the 
surface of which was covered with a thin layer of kerosene, The 
specimen tested was a hollow armco iron cylinder 55 mm high and 

16 mm in diameter, It was placed on to a cylindrical holder of 
the same height. The distance between the specimen and the 

silica tube through which ammonia was passed was 1 to 1.5 mm, 

The amount of absorbed nitrogen was determined by the increase in 
weight of the specimen tested, The distribution of nitrogen alcag 
the depth of the diffusion layer was determined by chemical 
analysis of dissolved layers, The microhardness of the individual 
phases of the diffusion layer was determined on a fIMT-3 (PMT-3) 
apparatus at a load of 10 g, The supply of ammonia to the 
specimen coincided with the switching on of the generator. The 
whole period of heating the specimen to a given temperature was 
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included into the duration of the nitration process, It is 
pointed out that about 25% of the total duration of heating is used 
for heating the surface of the specimen to 500 to §50°C., 
Nitration was done in the temperature range 775 to 1100°C with the 
duration of heating to a given temperature not exceeding 5 min, 
The influence of the maximum heating temperature during nitration 
and of the velocity of ammonia on the absorption of nitrogen was 
studied using a heating period of 2 min, The influence of the 
maximum heating temperature (at optimum flow rates of ammonia) is 
shown in Fig.2. With increasing temperature, the activity of the 
gaseous medium increases passing through a maximum, Within the 
temperature range 800 to 900°C, the absorption of nitrogen by the 
surface remains approximately constant, The position of the 
maximum is determined by the velocity of ammonia. The influence 
of the velocity of ammonia on the activity of the medium at a 
constant temperature is shown in Fig.3a. For a given temperature 
there is an optimum velocity at which a maximum of the activity is ~ 
obtained, beyond this velocity the activity of the medium 
decreases sharply. The influence of the ammonia velocity on its 
degree of dissociation is shown in Fig.3b. There was a minimum 
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degree of dissociation for each temperature which changes little 
on further increase of the flow rate of ammonia, Structural 
analysis of the diffusion layers indicated that at all heating 
temperatures (775 to 910°C) and at various durations of the 
process, the diffusion layer consisted of two sharply expressed 
zones, separated from each other and from the base metal by 
boundaries parallel to the surface of the specimen, The external 
zone consisted of acicular crystallites corresponding to 
supercooled § -phase and high nitrogen concentrations, The 
second zone corresponded to nitrided austenite and nitrided 
martensite (solid solutions of nitrogen in y and a iron), 

Further in depth, supersaturated nitrided ferrite is located. 
Photographs of the microstructure of diffusion layers are 
reproduced in the paper, The microhardness of the diffusion 
layers was measured on the external and internal boundary of each 
zone, The results are shown in Fig.5. The hardness of the first 
and the second zone of each nitration temperature (775 to 910°C) 
increases in the direction of the diffusion of nitrogen and the 
hardness of nitrided ferrite decreases, The dependence of the 
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thickness of the diffusion layer (Ist and 2nd zones) depends on 

the heating temperature, duration of heating and velocity of 
ammonia (Fig.6). With increasing velocity the thickness of the 
layer at first increases, achieves a maximum (within a range of 

15 to 20 m/min) and then continuously decreases, With increasing 
temperature (at a constant heating time of 2 min) the thickness of 
the zone increases, The duration of heating to the maximum 
heating temperature has a substantial effect on the thickness of 
the diffusion layer. For instance, on heating to 800°C in 22 sec 
the thickness was about 0.015 mm, in 56 sec ~ 0,023 mm, 

in 2 min - 0,035 mm and in 5 min ~ 0,055 mm, Thereby the 
development of the zone with 8 -phase is much faster than that of 
the austenite-martensite zone. Since in all cases rapid cooling 
was used, the structures of the diffusion layer studied relate to 
supercooled phases, The external zone of the layer, pertaining to 
the ¥ -phase, consisted of acicular crystallites inside which were 
occasional inclusions, more often along the boundaries. The 
austenite-martensite zone closer to the external surface was more 
uniform and apparently rich in y-phase. The internal part of 

this zone has a sorbitic structure, occasionally with a directional 
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orientation, similar to martensite in steels, The third zone of 
the diffusion layer - supercooled nitrided ferrite - had a large 
thickness reaching up to 0.5 mm in 2 min of nitration. In the 
grains of this zone, at the martensite boundary, nitride 
inclusions were observed; these were often orientated along the 
slip planes, The microhardness of these grains is by 20 to 25 
units above that of ferrite containing nitrogen. Since the 
appearance of -~phase in the surface layer would not always be 
desirable, the authors established that its appearance can be 
avoided by increasing the temperature to 1020°C, Although on 
increasing the temperature from 910 to 1020° She dif fusion 
aetivity of the medium decreases by about: 25 ns yet the amount of 
absorbed nitrogen is sufficient to cause “atructural changes in the 
diffusion layer. The data obtained indicate..that the velocity of 
ammonia at 1020°C has little influence on the. absorption of nitrogen 
by iron, Within a range of velocities 6 to: 4 m/min, the apect tte 
absorption of nitrogen in 2 min amounts to about 1,2 x 10-3 g/cm@, 
The microstructure of the diffusion layer consists of a 

martensite zone of needle-like structure (Fig.4). The thickness 
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of the martensite zone reaches 1 mm and depends little on the 
consumption of ammonia, The velocity of the diffusion of 
nitrogen is so high that the nitrogen concentration corresponding 
to the appearance of the S-phase is not reached. On nitration 
at a higher temperature (1100°C) the necessary concentration of 
nitrogen in the diffusion layer could not be achieved. An 
interesting feature in the dispersion hardening was observed on 
low temperature heating (175°C for 30 min) cf nitrided' specimens. 


Microhardness measurements were carried out before and after 
heating (table). The low temperature heating could cause 
strengthening or weakening of nitrided phases depending on the 
time of separation of secondary phases - during the low 
temperature whe © or during cooling on hardening. Such 


behaviour of the -phase and nitrided austenite was actually 
observed, Nitrided martensite appears to undergo a considerable 
decomposition during low temperature hsating. The following 
conclusions are arrived at; 1) The possibility was demonstrated 
of rapid nitriding during high frequency heating for hardening, 
permitting the formation of high concentrations of nitrogen and a 
considerable depth of the diffusion layer in a few seconds to 
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1-2 minutes. 2) The diffusion layers formed contain the ( 
following phases: a) nitrided t wphase in the supercooled state, 
this possesses a high hardness (400 kg/mm2) and is capable of weak 
dispersion hardening, it reacts strongly to changes in the 
velocity of flow of ammonia and the duration of heating during 
nitration and depends little on the temperature within the range 
of 775 to 910°C; b) nitrided supercooled austenite has a low 
hardness (200 kg/mm2) and a higher tendency to dispersion 
hardening than the -phase; c) nitrided martensite possesses the 
highest hardness (600 to 700 kg/mm?), the thickness of the layer 
and the hardness increase with increasing heating temperature up 
to 910°C; d) nitrided ferrite has a maximum thickness reaching 
0.5 mm in 2 minutes of nitriding. 3) To each heating 
temperature there is a corresponding minimum degree of 
dissociation of ammonia, determined by the equilibrium between 

the components of the gaseous mixture. This equilibrium appears 
at high velocities of the gas, when the completion of the 
association of atoms of hydrogen and nitrogen into their 
molecules does not take place, There are 6 figures, 1 table and 
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